A study was made to determine whether or not Eutermes exitiosttS maintains within its mound a constant temperature at which it would be desirable to maintain artificial laboratory colonies of this termite.
I. INTRODUCTION 465
Eutermes exitiosus Hill ' * is a species of termite which is responsible for considerable economic damage in the southern part of the Australian continent (Hill 1932) . It has been utilized in investigations of the resistance of untreated and treated timbers and other materials to termite attack; and following the discovery that it could be kept in jars in the laboratory (Hill 1930) it has been selected for use in laboratory colonies for evaluating resistance under standard conditions (Holdaway 1935) .
Many entomologists have thought that termites, like some other social insects, possess powers of regulating the conditions of temperature and humidity under which they live. Snyder (1929) has stated that the termite in whose mounds the Nile Monitor, Varanus niloticus, lays its eggs, maintains the nest at a constant temperature and humidity. Emerson (1937) , also, has referred to the constant temperature and humidity of termite~' nests. If Eutermes exitiosus could and did maintain a constant temperature in the nest, it was obviously desirable to determine what the temperature was, in order that it could be reproduced in the laboratory colonies.
Observations on the temperature of termite mounds are not numerous. One of the earliest observers appears to have been Petch (1906) . His observations led to the conclusion that fluctuations in temperature of the mound of Termes redemanni were less marked than fluctuations of the external temperature. However, he did not have records of soil temperature for comparison. Hegh (1922) , in discussing mound temperatures, stressed the need for further and more detailed studies.
Probably the most detailed observations made to date are those of Cowles ( 1930) who made an interesting study of the temperature of the mounds of the grass-feeding Nasutitermes trinerviformis from the point of view of the situations in which the eggs of the Nile Monitor are hatched. He concluded that the temperature within the mounds is more equable than that of the external environment. But even Cowles' observations, although much more detailed than those of Petch, would have been much more valuable had he been able to secure records from other places in the same general habitat.
Observations on the temperature of the habitat of social Hymenoptera are more numerous than those on termites. The forms studied most are the bee, the mound-building ants, and the social wasps. Gates (1914) , Phillips and .. Many termite taxonomists consider that the generic name Eutermes should be replaced by Nasutitermes. However, in vie:W of the widespread use of the name Eutermes in Australian literature, it has been retained here. Demuth (1914), and Zander (1917) have studied the temperature of bee clusters. Numerous observations have been made on mound ants, the most comprehensive of which are probably those of Andrews (1927) on Formica exsectoides, and the reviews of Steiner (1930) and Himmer (1932) . Andrews concluded that, because the temperature of an unoccupied mound was higher than the temperature of the soil, "the temperature is due to the sun's rays and not appreciably to the heat given off by the ants nor to any fermentation of the relatively small amount of vegetable matter contained in the mounds." Steiner gives a good summary of the evidence regarding the factors affecting the heat of the nests of the social Hymenoptera. Himmer concluded that the nature of the temperature regulation in the social Hymenoptera varies with the construction of the nest and with the capacity for heat production of individuals. It is best developed in the honey bee in which there is both chemical and physical heat regulation. The temperature in ants' nests is characterized by considerable dependence on outside influences according to the size and architecture of the nests: heat accumulation is more or less efficient and lasting, whilst chemical heat production may be marked or insignificant.
The primary aim of the studies here reported was to gain information on the temperatures under which Eutermes exitiosus lives. When it was discovered that a constant temperature was not maintained in the mounds, the experiments were extended with the following objects~ Firstly,. to study the temperature of a mound at all seasons of the year. Secondly, to determine whether the mound temperature is related to external environmental conditions, by comparing the temperature records obtained within a mound with those in the adjacent soil and that of the air. Thirdly, to determine the extent to which the temperature of a mound is influenced by the presence in it of living termites, by recording the temperatures of two similar mounds, killing the termites in one, and continuing to record the temperatures of both.
To obtain the data required, it was found necessary to use, in all, four pairs of mounds. These, which were all situated on a forest-covered hill within a mile or so of the laboratories of the Division of Economic Entomology, C.SJ.R., at Canberra, were, for convenience of reference, given numbers prefixed by the letters TM.
II. THE FIRST STUDY -MOUNDS TM1 AND TM2 (a) Description of Site and Mounds and Method of Recording Temperatures
The work, begun in June 1933, was initiated with a search for two mounds similar in size, aspect, and isolation. Certain difficulties were encountered, which restricted the choice of mounds. Primarily it was necessary that the selected mounds should be within a short distance of each other so that readings could be made on both mounds with a minimum of delay between the readings in the respective mounds.
Two mounds which will be referred to as TMI and TM2 were selected for the study. These two mounds were not a perfect pair, but were used for the study as a more suitable pair was not available at the time. The west wall of mound TM2 contained a depression, a few inches in diameter, which suggested that the mound had been damaged in some way. Portion of another living mound of E. exitiosus, from the immediate neighbourhood, was placed in the cavity, in the hope that it would be incorporated in the mound and the damage repaired. ° It was decided that temperatures should be taken at similar points in each mound, and in the soil in the vicinity of each mound. Should the records show that the internal temperatures of these two mounds were similar, then it was proposed to kill the termites of one of the mounds and continue the temperature records of both mounds for a period to observe any change in temperature which might occur. The two selected mounds were on the northerly aspect of a knoll of Black Mountain, Canberra, A.C.T. They were 45 yards apart and within 200 yards of the crest of the ridge, at an altitude of 2,100 feet. Both were situated on similar slopes and contours, but TM1, which was nearer the top of the ridge, was more likely to be influenced by the effects of cooling southerly winds.
Shrub growth around the two mounds was very similar, but saplings of scribbly gum (Eucalyptus micrantha) and stringy bark (E. macrorrhyncha) grew more densely around TMl. To ensure more equal insolation of the two mounds, about thirty saplings were removed from the northern sector of the territory of TM1, resulting in practically identical insolation of each of the two mounds throughout the greater portion of the day. Only early in the morning and late in the afternoon, when the sun's intensity was weak, was there any possibility of shadow from neighbouring trees being cast over the mounds.
° Andrews (1930) states that individuals from different coloni~ of Termopsis angusticoUis can be mixed without any detrimental effect. Further, observations we have made suggest that in Nature, under certain conditions, colonies of E. exitioSU8 become united. It was felt, therefore, that the inclusion of a certain number of termites in the piece of mound transferred to TM2 would not be detrimental and the termit~ would tend to compensate for any loss of population that may have been associated with the damage to the mound. Subsequent examination of TM2 provided an explanation of this damage to the wall (see p. 477).
The similarity in size of the two mounds chosen is indicated by the following measurements. TM1 was 1 ft .. ' 3 in. high and the cross diameters at ground level were 3 ft. 0 in. by 2 ft. 8 in. TM2 was 1 ft. 2~ in. high and the cross diameters at ground level were 3 ft. 1 in. and 3 ft. 0 in. From seventeen other mounds of this species of termite, three with external dimensions closest to TM1 and TM2 were selected, and the probable internal dimensions of the two mounds TM1 and TM2 were taken as the average of the internal dimensions of these three (see Table 1 ).
The regions of the mound are illustrated in Figure 1 and described in greater detail elsewhere (Holdaway 1933) . The "nursery" occupied the middle of the mound and its centre is usually about ground level. It contains numerous thin-walled galleries capable of accommodating numbers of termites, and in it • the termites congregate in large numbers in cold weather . .//·--~h-----....... ". Glass tubes with an enlarged end containing mercury and into which thermometers could be placed were used for obtaining the temperature at the respective points in the mounds and soil. Tubes of five different lengths, according to the different requirements, were used, viz. 1 ft. 3 in., 11 in., 8 in., 6 in., and 4 in.; all tubes possessed a bulb 1 in. long. The internal diameter of the tubing was rs in. and of the bulb ~~ in. Clean mercury was placed in each bulb to a depth of 1 in., and the point of reading was taken as just above the centre of the mercury, approximately % in. from the bottom of the tube.
For each mound, readings were taken at five points in the mound and at three points in the surrounding soil. Those in the mound comprised one in the nursery and four in the wall. In the walls the tubes were installed to a depth of 4% in. to give readings at approximately 4 in., which, according to the calculated internal dimensions of the mounds, is probably where the outer wall merges into the inner wall. The wall tubes were placed equidistant from the summit approximately half way from the summit to ground level and at the cardinal points. The nursery tubes were placed to give readings at a depth of 1 ft. near the centre of the nursery, and were inserted at a point equidistant from the north and east wall tubes, but somewhat nearer the summit (see Plate 1 which shows the position of the tubes; the nursery tube projects more than the other tubes).
Soil temperatures were taken at depths of 1 in., 5 in., and 8 in. respectively, near each mound. The tubes were installed in that order from the mound 4 in. apart on the south-east side and on the same contour, the nearest being 3 ft. 6 in. from the centre of the mound. The reasons governing the adoption of this distance from the mound and these depths are as follows. In field tests, timber samples are placed around the mound in a circle of radius 3-4 ft. Attack takes place mainly at a depth of 1 in. to 8 in. below ground level, with most samples experiencing initial attack at a depth of 5 in.
The open end of each temperature tube was closed with a rubber stopper.
In the installation of all tubes, boring was done with a i in. auger, the tube placed in the hole to the required depth, and wherever necessary, supported in position by soil or chips of wood. The tubes were installed between June 20 and June 30, 1933. By July 3, when the first readings were taken, all but two of the tubes had been built firmly into position by the termites, and the remaining two were consolidated in this manner by July 12 to July 14. A standard meteorological screen was erected on the south side of TMI at a distance of 5 ft. 6 in. from the mound. A thermograph giving continuous weekly rec~rds was maintained in this cabinet throughout the study.
In the original plan it was proposed to take readings four times daily, at 9 a.m., 11,30 a.m., 2 p.m., and 4.30 p.m. respectively, for five consecutive days (Monday to Friday) every four weeks. This plan was adopted for the first few months, but it was then found necessary to make additional readings which will be mentioned later.
Readings taken were: temperature in the mounds, soil, and air; wind velocity and direction; nebulosity; insolation and rainfall.
Thermometers checked against a standard thermometer were used in taking mound and soil temperatures. Air temperatures were obtained from the thermograph, whioh was checked at frequent intervals. Wind velocity was read from the Beaufort scale, direction being obtained from a vane erected near the meteorological screen. Nebulosity was estimated on a scale 0-10, repre~enting solely the proportion of clear sky to cloud, taking no account of the density of the clouds present. Daily insolation records were obtained with a Campbell Stokes Sunshine Recorder at the C.S.I.R. laboratories about i mile from the site of the study. Rainfall records were obtained also from the laboratory.
(b) Temperature Records from TMI and TM2
The temperature records obtained during the first week, i.e. July 3 to July 7 inclusive,'" showed that a constant temperature was not maintained in the mounds, that the nursery was warmer than the air, the soil, and the mound wall (even those portions of the wall receiving the greatest amount of sunshine).
Certain of the temperature readings obtained during this week, and also during the second period when observations were made (July 24 to July 28 inclusive) are shown graphically in Figure 2 . The readings from the mound wall and the soil are omitted. The temperature changes and trends in the different parts of the mounds and at different depths in the soil were indicated more fully and satisfactorily by the continuous records which were obtained later. These changes and trends will be discussed with the continuous records below. It is sufficient to mention here that such differences in detail as are manifest in the two sets of records (those taken in July and the continuous records of August 8 to 10) are readily explained by differences in weather conditions during the two periods.
f;J Although the general order of magnitude of the nursery temperature was similar in both mounds, it will be seen from Figure 2 that the temperature range during the day was greater in TM1 than in TM2. At the time no explanation of this fact offered itself. Later it was found that the constitution of the populations of the two mounds differed considerably (see p. 477), and the probable explanation of the differences between the temperature ranges was obtained.
In order to acquire additional and more complete information on the temperature of the mound and its habitat, it was decided to obtain continuous hourly readings over a period of at least two days. Actually they were obtained between 8 a.m. on August 8 and 4.30 p.m. on August 10, a period C?f 56 hours.
No rain had fallen since August 2, when 8 points fell. From August 6 up to and including the period of continuous records there was little cloud during the day, the sun shining most of the time." During the daytime there was a little movement of the air: at times the air movement rose to a slight breeze (4-7 m.p.h.), increasing at times on August 6 and 8 to gusts of gentle breeze (8-12 m.p.h.). The nights were calm and clear. Frosts occurred on the mornings of August 6 and 7. There was a heavy frost on the morning of August 8, but it did not occur on the ground immediately surrounding the mounds. No frost occurred on August 9, but there was a light frost on the morning of August 10. The records of the temperature changes in TM1, the soil, and the air, obtained during the continuous observation period, are presented graphically in Figures 3 and 4 . From these data two important points emerge:
(1) The nursery, although not maintaining a constant temperature, was continuously much warmer than either the air or the soil, a fact which it would be impossible to explain except on the supposition that the high temperature was due in some way to the termites. Experimental confirmation of this supposition was obtained later. (2) The temperatures in the different parts of the mound and at different depths in the soil showed rhythmic changes which must have been governed by changes in the air temperature. The correlation between the fluctuations of mound and soil temperatures and the air temperature, however, was markedly affected, both as regards magnitude and time by (a) insolation, and (b) distance from the surface.
The effect of insolation is clearly manifest in the temperature records of the four aspects of the mound wall (see Fig. 3 ). From 9 a.m. onwards the temperature of the north wall, which received the greatest insolation, rose more rapidly, and to a higher level, than did the temperature of any other aspect of the wall. The maximum temperature recorded by each portion of the mound wall bore an obvious and direct relation to the amount of insolation which it received; moreover, the various aspects of the wall attained their maximum temperatures progressively later in the day as the sun's rays struck them more directly. The order of reaching a maximum temperature was, in general, east, north, west, south -the east between noon and 2 p.m., the north between noon and 3 p.m., the west between 3 p.m. and 4 p.m., and the south between 4 p.m. and 6 p. 
'36 12 p.m. Fig. 4 .-The trend of temperatures in the nursery and north wall of TM1 and in the neighbouring soil; the fact that the nursery was continuously much warmer than the soil and warmer than the highest temperature recorded in the warmest portion of the wall, viz. the northern portion (August 8-10,1933 ) is illustrated.
During the night the mound wall cooled down rapidly, the north portion falling in temperature most rapidly and the south least rapidly. Towards the time of minimum wall temperatures, which usually occurred between 8 a.m. and 9 a.m., the west and south walls were warmer than the east and north. 478 The records of the temperature changes at different depths in the soil (see Fig. 4 ) show the effect both of insolation and of distance from the surface. Between the air and the soil at 1 in. the only significant difference was that the soil attained a higher temperature, undoubtedly as a result of the heating effect of the sun's rays. At a greater depth in the soil the temperature fluctuates less than at the surface, and in its changes lags noticeably behind the air temperature; thus, while the air temperature reached its maximum in the early or mid-afternoon, the maximum temperature of the soil at a depth of 5 in. did not occur until sunset, and at a depth of 8 in. (not shown in the figure) the maximum occurred about an hour later.
The temperature fluctuation in the nursery was very similar to that in the soil at a depth of 8 in., except that it was at a much higher level (the mean nursery temperature was 31.2°F. higher than that of the soil at 8 in., and 32°F. higher than the mean temperature of the soil at5 in.).
The magnitude of the daily oscillation averaged 4.3°F. in the nursery and 4.7°F. at a depth of 8 in. in the soil, and the daily maxima and minima in the nursery occurred at about the same time as, or a few hours later than, those in the soil at 8 in.
Because the temperature changes in the nursery lag behind those in the environment even more than do those of the soil at a depth of 8 in., there is a striking difference between the temperature. curves of the nursery and the mound wall. The nursery reached its maximum between 8 p.m. and midnight, when air and wall temperatures were falling fairly rapidly; and when the nursery was approaching its minimum, the east and north walls were approaching their maximum temperatures.
A point that deserves special mention in connection with the nursery is that the temperature at 9 a.m. was a fairly close approximation to the average for the da,y, lit a fact which was utilized in a later experiment (see p. 479).
Neither the records obtained during the period of continuous observation; nor those obtained prior to this and shown graphically in Figure 2 , give a satisfactory indication of the relationship that exists between the temperatures of the nursery and of the air. This relationship is brought out very clearly, however, in Figure 5 , in which the mean temperatures of the nursery and of the air over a twelve months' period are shown. It will be seen that the annual air temperature cycle is closely reflected in the nursery temperature of TMl. (Records of TM2 can be disregarded at this stage. They were affected by an event which will be discussed in detail in the next subsection, and which rendered them of no value in a study of the temperature relations of a normal mound.)
lit In standard meteorological practice, when it is only possible to obtain one record each day, B.OO a.m. has been accepted internationally as giving the best approximation to the daily temperature average. Professor J. A. Prescott, former Chief of the Division of Soils, C.S.I.R., informed the writers that some years ago the Commonwealth Bureau of Meteorology decided that readings taken at 9.00 a.m. gave, in Australia, a more satisfactory approximation to the daily mean.
Although the correlation between nursery and air temperatures affects only the major trends, and requires long-term records for its demonstration, the data obtained over short periods did indicate that environmental conditions could have a demonstrable effect on the nursery temperature. Thus during the period when continuous records were being taken (August 8 to 10) -two qays of almost continuous sunshine -the minimum nursery temperature occurred just before noon; but on July 3 and 4 (see Fig. 2 ) the temperature of the nursery fell continuously until 4.30 p.m. Examination of the sunshine and nebulosity records reveals that these were both dull days. (On July 3 the sunshine in hours was nil and the nebulosity 10; on July 4 the figures were 3.8 hours and 8 respectively.) 
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.1\ ,'\: -The seasonal trend of the mean nursery temperature of mounds TMI and TM2; also the drop in temperature of TM2 associated with emergence of alates and the approach of the temperature of TM2 to that of the environment at the end of the period, when the mound was dead.
On July 6 and 7, when the sunshine increased and the nebulosity decreased, there was a rise in nursery temperature between 2 p.m. and 4.30 p.m. Similarly, records obtained later in the year, under early summer conditions (at the end of November), showed that a small amount of sunshine associated with high nebulosity resulted in the nursery temperature not reaching a minimum until late in the afternoon. During mid-and late winter, the temperatures of the mound wall were consistently lower than that of the nursery, except that in August, for a brief period near midday, the north wall rose to the temperature of the nursery (see Fig. 4 ). Under full summer conditions, as will be seen from Figure 6 , this was TEMPERATURE OF HABITAT OF E. EXITIOSUS 475 no longer the case; and the temperature of the warmer parts of the wall rose considerably higher than the nursery temperature during the latter part of each day. This fact lends support to the supposition that the high temperature of the nursery is due, not only to heat absorbed from the walls as they are warmed by the sun, but to the presence of living termites within it. Were this not so, the 45.
. I
,,~ =":~:~~:ri'~ ",,,m;", -~ "" w;,,"'-~...... fj,_ ;\\ IA ,;~j l~: nursery temperature would bear a constant general relationship to the wall temperature, and under summer conditions would rise to a higher level than it actually does.
( c) The Emergence of Alates from TM2, and the Condition of TMI and TM2 at the End of One Year
During the first few months in which records were taken, the trends of the mean nursery temperatures of TMI and TM2 were similar: the main difference between the two appeared· to be that the temperature in TM2 was consistently lower by approximately the same amount. It therefore seemed that the two mounds were sufficiently similar to be satisfactory for the purpose for which they were selected, namely, the study of the temperature of a "living" mound and a "dead" mound which, during life, had a temperature comparable with that of the mound in which the termites were allowed to remain alive. Further, it appeared that the similarity in temperature of the two mounds justified the selection of TM2, although slightly damaged, for this particular temperature study. Events which followed, however, showed that TM2 could no longer be considered satisfactory. Nevertheless, these events contributed to the understanding of the temperature relations of mounds.
On the night between October 23 and October 24, after the temperatures of the two nurseries had followed similar trends at comparable levels for nearly four months, alates emerged from TM2. On the morning of October 24, large numbers of wings were found around the base of the mound. Others had been built into the walls when the emergence holes had been closed up by the workers. It had been noted that on October 23 the temperature of the mound had risen appreciably: it actually rose to 92.9°F., the highest temperature recorded to date in this mound, and equalling that of TM1, which had previously been consistently higher than TM2.
Immediately after the emergence of alates from TM2 the temperature of the nursery fell rapidly, and continued to fall for some days. At 9 a.m. on October 26, approximately 36 hours after emergence, the nursery temperature of TM2 was more than 15°F. lower than that of TM1; whereas on October 23 the difference had been only 2.8°F. After the emergence of alates the weather became cooler; but over the four-day period when the temperature of TM2 dropped 18.3°F., the temperature of TM1 dropped only 4.9°F.
After the fall in temperature associated with the emergence of alates from TM2, and the cool change which occurred a few days later, the nursery temperature began to rise, but throughout the remainder of the year, it never again reached a temperature comparable to that of TM1 (see Fig. 5 ). From the middle of summer it followed a similar trend to that of the nursery temperature of TM1, but at a much lower level.
The marked fall in the nursery temperature of TM2 following the emergence of alates suggested that the temperature of a mound is affected by the presence within it of nymphs\)< or alates. Elsewhere (Holdaway, Gay, and Greaves 1935) it has been shown that there may be as many as 50,000 alates present in the mound at the same time. The mound temperature would almost certainly be markedly affected by the presence within it of thousands of large-bodied alates, whose departure would be reflected in a reduction in mound temperature. The smaller range in temperature of TM2, already noted, was probably due to .the fact that the large-bodied individuals were not capable of rapid movement within the mound. The reason for the temperature of TM2 being consistently lower than that of TM1, although the former contained a large number of alates, was made clear when it was discovered (as will be explained below) that the strength of the colony in TM2 had been depleted before the study began. The great difference in the population" strengths of the two mounds after the emergence of alates accounted for the much lower level in the temperature of TM2 from November onward.
From the accumulated data on the colonizing flight of E. exitiosus, it appears that the emergence of alates occurs between 8 p.m. and midnight, commonly at about 10 p.m. After the emergence of alates from TM2, on several occasions when environmental temperatures and mound temperatures were rising, observations on TM1 were continued throughout the night or until midnight in the .. The term "nymph" is used here in the restricted sense as applying only to those developmental stages of the winged reproductive caste in which wing pads are evident.
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hope of observing actual emergence, and of securing data on the temperature within the mound prior to, during, and after the emergence of alates. Emergence was never observed. By the end of the year it was decided that the mound probably had had no alates to yield. Examination of the temperature graph of TMI (Fig. 5) shows that a drop in the nursery temperature occurred over the week-end November 17-20. This might have been interpreted as indicating an emergence of alates from TMI during this period; but a similar drop in the nursery temperature occurred in TM2, which had already yielded alates. As 120 points of rain fell during this week-end, the drop in temperature noted in both mounds was more probably due to the cooling effect of rain, an effect noted several times during observations. At the expiration of one year and three months, both mounds were examined in detail, TM2 on August 2, 1934, and TMI on August 6, 1934. Some time before this, the external appearance of TM2 suggested that its colony was dead, or at any rate greatly reduced in numbers. Further, the piece of mound material placed in the damaged portion of the mound had not been completely incorporated. Only four living termites were found in TM2, all of them being workers. In the nursery were discovered the remains of twelve egg-like bodies and the shrivelled remains of six small lizards. These were later identified as the young of the Monitor lizard Varanus varius Shaw -the so-called "goanna."
J. R. Kinghorn, of the Australian Museum, Sydney (personal communica-. tion), stated that oviposition in termite mounds has been recorded before. ' Cowles (1930) has given an account of the oviposition of the "Qamu" or Nile Monitor, Varanus niloticus Linn., in mounds of Nasutitermes trinerviformis Holm. in Natal. From his observations on the Nile Monitor, it would appear that the damage to TM2 noted at the beginning of the observations was due to damage made by the female goanna when the eggs were deposited within the mound. As far as is known Eutermes exitiosus does not produce supplementary sexuals. From the behaviour of the colony and its ultimate death, it would appear that the queen termite had been killed either at the time the eggs of the goanna were deposited in the mound or when the young lizards emerged from them. Thus, when nymphs present in the mound matured to alates, the colony, reduced in numbers during the deposition of the goanna eggs, and devoid of any means of increase, gradually died out.
The examination of TM1 showed that some of the colony had succumbed as a result of the breaking of one of the temperature tubes on December 13, 1933, and the resultant entry of mercury into the mound (see Fig. 5 which shows that the temperature of this mound approached the air temperature more closely after the date of the accident to the temperature tube than before). An estimation of the population present in the mound was made by the method previously described (Holdaway, Gay, and Greaves 1935) . The population estimated to be present in this mound was approximately 527,500. This figure is considerably lower than that estimated for mounds of similar size or very slightly larger than TMl.
III. THE SECOND STUDY, A "LIVING" MOUND AND A "DEAD" MOUND UNDER WINTER
CONDITIONS -MOUNDS TM3 AND TM4 The unexpected behaviour of the colony associated with TM2, and its subsequent death, prevented the employment of the original pair of mounds for the completion of the programme which had been outlined. A further pair was therefore selected in May 1934. These mounds, TM3 and TM4, were both -situated on a slight NNE. slope in open forest country, TM4 being higher up the slope on the same aspect line and about 5 ft. above TM3. The measurements of the two mounds were as follows: Mound TM3, 1 ft. 6 in. high and 3 ft. 0 in. x 3 ft. 3 in. horizontal dimensions at ground level, mound TM4, 1 ft. 5 in. high and 3 ft. 3 in. x 3 ft. 10 in. horizontal dimensions at ground level.
Observations made on TM2 suggested that the most satisfactory results would be secured if both the mounds selected for the study contained similar castes. The two mounds were therefore examined to determine which castes were present. As insolation is from the north, the examination for castes was made on the southern section of the mounds, so that any slight disturbance to tha mound would affect the mound temperature to a minimum degree. Moreover, in the early portion of the day before the effect of the sun's rays has become marked, the southern wall is relatively warmer than other portions of a mound and would be expected to contain an accumualtion of termites.
On the morning of June 18, a small portion of the outer wall on the southern aspect near ground level was carefully removed from each mound. Small pieces of the inner wall were then removed from below ground level towards the centre of the mound, until the desired information on the castes was secured. In both mounds, workers and nymphs were observed, although nymphs were not found as readily in TM3 as in TM4. In the search for nymphs, TM3 was necessarily damaged somewhat more than TM4. It will be seen later that the temperature of TM4 was higher than that of TM3. This is possibly due to a larger number of nymphs present in TM4, which would account for their being found more readily in TM4 than in TM3.
Temperature tubes were inserted in the mounds and soil as for TM1 and TM2 except that the nursery tube was inserted through the top of the mound. A two-point mercury-actuated distance-recording thermometer was installed at TM3 (the mound to be killed), one bulb in the centre of the nursery against the nursery temperature tube, and one at a depth of 5 in. in the soil against the 5 in. soil temperature tube. The meteorological cabinet used in the study of TM1 and TM2 was erected to the south of TM3 and contained a thermograph for recording the air temperature and the recorder for the distance thermometers. The flexible lead tube of the thermometer bulb, inserted in the nursery, entered the mound about ground level on the south-west section of the mound. From the mound it passed back for about 4 ft., through a protective earth~work about 5 in. high, to the cabinet and thence up through the bottom of the cabinet to the recording instrument. The bulb inserted at 5 in. in the soil was to the south-east of the mound, the lead tubing running at a depth of 5 in. through the soil to the cabinet.
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The temperature tubes and bulbs of the distance recording thermometers were placed in position on June 18 immediately after the examination for castes.
On June 21 several saplings were felled in the vicinity of both mounds to ensure comparable insolation in the two habitats. By June 27 the nursery and the south wall tubes of TM3, and the nursery and the east, north, and west wall tnbes of TM4, had been built into the respective positions. The other tubes were built in during the next few days.
It was found that the records from the distance recorder indicated the trends of temperature but the temperature tubes permitted rapid changes of temperature to be observed better than did the distance recorder.
It was felt that in destroying the colony associated with TM3 it would be unwise to employ the usual method of introducing the poison through the upper portion of the mound (Holdaway and Hill 1936) . The application hole would not be repaired completely before the death of the colony and would thus permit temperature changes other than those which would occur in a mound with a completely undamaged surface. It was therefore decided to introduce the poison into the nursery from below ground level and thus avoid damage to the outer wall. This was done in two mounds similar in size and situation to TM3. White arsenic was introduced into the nurseries of these mounds by way of a trench dug adjacent to them. No damage was done to the outer walls, and it was found that most of the termites were dead one month after treatment. The method was, therefore, deemed satisfactory for the purposes of this study.
During the weeks following the installation of temperature tubes and recording thermometer bulbs, the trend of temperatures in one of the mounds, TM3, and in the soil was followed on the distance recorder charts. At intervals, complete records of the temperatures of both mounds' and of the soil were made. On July 16, four weeks after the installation of the temperature tubes, regular. records were taken four times daily. The two mounds were found to have comparable temperatures although that of TM4 was from 4° to 8.5°F., or an average of 6.4°F., higher than that of TM3.
At 10.45 a.m. on July 19, 1 oz. of white arsenic was applied to TM3 from below the nursery by the method already described. The daily records were continued until the end of the week. At intervals during the succeeding weeks records were made at 9 a.m. Beginning on September 3, just over six weeks from the time of the treatment of TM3, by which time it was judged the mound would be dead, the regular records were made for two days. On September 7 the mound was opened and the colony found to be extinct. Dead termites were massed in the bottom of the mound 1 ft. 10 in. from the apex, in the manner characteristic of colonies destroyed by arsenical powders. The poison had been delivered to the centre of the nursery 1 ft. from the apex of the mound; arsenic was still evident. Mound TM4 was examined the same day and an estimate made of the population present in the mound. There were approximately 797,000 termites, of which 2.25 per cent. or approximately 18,000 were nymphs.
During the few days prior to the application of arsenic, the temperature of the two mounds at 9 a.m. differed by approximately 9.2°F. After six weeks, when TM3 was dead, the temperature differed by from 22.7° to 24.7"F., indicating an average difference due to the absence of termites of 14.5°F.
The fall in temperature after the death of the mound is illustrated further by comparing the temperature of TM3 with that of the soil in the vicil)ity of it (see Fig. 7 , which gives the mean daily temperature of the mound in comparison with that of the soil at a depth of 5 in.). Prior to the application of arsenic the mound was considerably warmer than the soil. After the application of arsenic, the temperature of the mound fell rapidly for three days, when it settled down to follow a trend very similar to, but on the average 2°F. lower than, the tempera- ture of the soil at a depth of 5 in. At intervals.between the third day after application and the death of the complete colony, the mean mound temperature rose above the mean soil temperature. It would appear that most of the termites present in the mound died within six days of the application of the arsenic, and that the periodic rises in mound temperature marked the re-entry into the mound of termites which were present in galleries away from the mound at the time the arsenic was applied. The second study of mound temperatures thus demonstrates that, under winter conditions, the temperature of the mound is affected by the presence of living termites in it, and that populations of approximately 800,000 termites, in mounds with cross diameters at ground level of approximately 3 ft., are capable of raising the temperature from 13.5° to 15SF. above that of an unoccupied mound.
IV. THE THIRD STUDY, A "LIVING" MOUND AND A "DEAD" MOUND UNDER SUMMER CONDITIONS -MOUNDS TM6 AND TM7
A further study similar to that made under winter conditions was made under summer conditions. The mounds for this study, TM6 and TM7, were A second distance recorder, one with a single bulb, was available for this study. The two-point recorder was installed at TM6, as at TM3, and the singlepoint recorder in the nursery of TM7. Temperature tubes were installed only in the respective nurseries, since it was apparent by this time that the most important records from the mound were those from the nursery. The temperature ... A. When both colonies were alive. B. During the week when arsenic was applied. C. When TM7 was dead. . The records have been transposed to a single chart and synchronized, and in A and C, records of the soil temperature at a depth of 5 in. have also been included.
tubes installed in the nurseries were used very little, the information being obtained mainly from the weekly continuous temperature records of the nurseries, air, and soil at a depth of 5 in. The two-point distance recorder, with one bulb in the nursery of TM6 and the other in the soil at a depth of 5 in., was housed with the thermograph recording air temperature in the meteorological screen at TM6. The single-point distance recorder, 'with bulb embedded in the nursery of TM7, was housed in a temporary protective cabinet. Saplings were removed from the environs of both mounds to equalize insolation. Records of the temperatures in the two mounds during the early summer indicated that the temperatures of both mounds were following similar trends, but TM7 was always a few degrees below TM6. The range in temperature in each mound over a given period of time was similar. Figure 8A shows the continuous temperature records of the two mounds, when both were alive, during a typical week in early summer. The range in temperature over this week was the same in both mounds, namely, 11 OF. .. The three readings shown on the day of treatment are as follows. The highest reading is the mean temperature for that portion of the day up to the time of treatment, the mid-reading is the average for the day, whilst the lowest reading is the mean for that portion of the day following the time of treatment.
On December 13, 1 oz. of white arsenic was applied to the nursery of TM7 at 9.50 a.m. by the method already described and used for TM3. On January 13, 1936, one month after treatment, TM7 showed signs of weathering. The colony was apparently extinct by this time. Its average temperature on January 14 was TEMPERATURE OF HABITAT OF E. EXITIOSUS . 483 65.5°F. and that of TM6, which was still alive, was B7.2°F. Figure BB gives the continuous records of the nursery temperatures during the week that arsenic was applied to TM7, and Figure 8e , the records for a week when TM7 was dead. Figure 9 shows the temperature changes in the two mounds just prior to the treatment of TM7, and during the succeeding weeks, It will be seen that immediately following the application of poison to TM7 the temperature fell rapidly. After three days, however, the temperature rose sharply again, so that, six days after treatment, the mound was as warm as it had been at the time of treatment. This rise in temperature, however, proved temporary only. While just before treatment the difference in the nursery temperatures of the two mounds averaged 2.6°F., one month after treatment the difference in the temperature of the living mound, TM6, and the dead mound, TM7, was 21.2°F. (average taken from the three consecutive days, January 12 to 14 inclusive). Thus the difference in temperature due to the presence of living termites was approximately
1B.6°F. '
Although the behaviour of the two mounds, TMS and TM7, treated under winter and summer conditions respectively, was on the whole very similar, there were nevertheless certain points of difference. In both mounds the temperature fell for some days immediately after treatment; but the fall was greater and more rapid in TM7 which was treated under summer conditions. (The total drop in temperature in the three days after treatment was lSAoF. in TM7, and 9.5°F. in TMS.) In both mounds the temperature rose on the fourth day after treatment; but in TMS the rise was slight -less than 2°F._ and did not continue, while in TM7 the rise continued for three days, and was almost as great (namely 12.7°F.) as the drop in temperature following treatment. After this, in both mounds there were recurring rises of temperature above that of the soil at a depth of 5 in.
The increase in temperature due to the presence of living termites in the mound was not markedly different under winter and under summer conditions, being 14.5°F. in the winter and 1B.6°F. in the summer.
Observations made in connection with other investigations on termites (Holdaway, . Gay, and Greaves 19S5) have shown that during the winter months there is a much greater concentration of termites in the mound than during the summer. Since a lower population in a mound in the summer is capable of maintaining the mound temperature as much above that of an unoccupied mound as is the much higher winter population, it must be concluded that the greater rise in temperature per unit of the population under summer conditions is due to the higher metabolism associated with summer temperatures. The low summer population in the mound would also explain the greater and more rapid temperature fall following treatment in TM7 than in TMS, for the fewer termites would presumably be killed more quickly. Possibly, however, the toxic effect of arsenic might be more rapid at summer temperatures with the'ir associated high rate of metabolism.
The recurring rises in temperature following. treatment are apparently due to the return of termites which were absent from the mound when the poison was introduced. The more marked rise in temperature in TM7, between the fourth and the seventh day after treatment, presumably was due to the fact that under summer conditions a relatively large percentage of the colony would be in galleries away from the mound and therefore larger numbers would· return (as presumably they would tend to do) when an interruption of normal activity indicated that all was not well with the nest colony.
The temp~rature data for the week, October 7 to 14, 1935, presented graphically in Figure 8A , show that the range in temperature within the two mounds, TM6 and TM7, during this week was the same, namely, 11°F. The data for the week, February 10 to 17, when TM7 was dead, are given. in Figure 8e , and show that the range in tempetature within the living mound, TM6, was 8°F. (86°_94°F.) whilst the range in the dead mound, TM7, was only 3°F. (68°_71°F.). In addition, the latter figure shows the oscillations in temperature of the soil at a depth of 5 in. The range of temperature at this depth was 2B.75°F. (64.25° -92°F.) .
Thus, while the temperature is dependent on the living termites, there is less variation within an unoccupied mound than in an occupied mound. It is of interest to consider the possible reasons for this. Both moist soil and wood conduct heat better than does dry soil or wood. Since the material of which the mound is composed is a mixture of earthy material and partially digested wood, it might be expected to behave in much the same way as soil or wood as regards the relation of moisture content to the passage of heat. Records of the moisture content of mound material over a number of years, together with the evidence secured by Fyfe and Gay (1938) , show that the moisture content of the material of the inner wall of an occupied mound is comparatively high, and that the humidity of the mound atmosphere is also high, 95-98 per cent. Thus, since the occupied mound shows a greater range of temperature than the unoccupIed mound, and has a comparatively high moisture content, one might expect the lower temperature range of the unoccupied mound to be due to a lower moisture content, as a result of the absence of moisture of metabolism. Moisture content determinations of the mound material of both mounds showed, however, that the unoccupied mound had a higher moisture content than the occupied mound (see Table 2 ), apparently due to the fact that the mass of dead termites in the mound gave off even more moisture in the early period following death of the colony than did the living termites. (This suggestion is in accordance with the writers' observations in laboratory colonies.) Thus, by virtue of its higher moisture TEMPERATURE OF HABITAT OF E. EXITIOSUS 485 content the unoccupied mound might be expected to show a greater fluctuation in temperature than the occupied mound. Since the unoccupied mound shows less fluctuation in temperature than the occupied mound, some factor other than moisture content must be responsible for the difference between the two mounds.
It is known that the termites concentrate in different portions of the mound at different times of the day. This is particularly noticeable in winter when the termites concentrate in those portions of the mound receiving the greatest insolation. It has already been seen that the termites, by means of their metabolism, raise' the temperature of the mound they occupy. It is conceivable, therefore, that in moving from one portion of a mound to another they raise the temperature of the portion of the. mound into which they move. Thus the greater fluctuation in temperature within the occupied mound would probably be due to the movements of the termites within the mound. (This idea has already been advanced in explanation of the difference in temperature fluctuations of mounds TMI and TM2 noted during the first week of observations.)
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.----. been shown why an unoccupied mound has, over a limited time, so uniform a temperature. The mound is raised above the surface of the soil and presents a considerable amount of exposed surface which might be expected to result in marked fluctuations in temperature. Nevertheless, soil at a depth of 5 in. shows, over a period of one week, a temperature range of 28.75°F. while the nursery of the unoccupied mound, at a point approximately in line with ground level, shows, over the same period, a range of only 3°F. One is therefore led to the conclusion that the reason probably lies in the structure and composition of the mound. The facts available at present are insufficient for a complete explanation, but it would appear that the nursery, because of its concentric, thin-walled construction which produces a large amount of air spaces and dead-end cavities, is a region of low thermal conductivity, in which major changes of temperature take place relatively slowly.
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V. THE BUFFERING EFFECT OF TERMITE MOVEMENTS ON MOUND TEMPERATURES
Evidence has been secured which suggests that the presence of termites in the mound, or more probably the movement of termites into the mound, is capable of a buffering effect on mound temperatures against a sudden drop in environmental temperature. Figure 10 shows the nursery temperature of TM1 and the temperature of the environment during October, when there would still be a comparatively large number of termites present in the mound. During the second week there was a marked drop in the air temperature but the corresponding fall in nursery temperature was not very marked. Figure 11 shows similar records obtained in January and February, when the number of termites present in the mound would be comparatively low. The drop'in temperature between the middle of January and the middle of February was markedly reflected in a decrease in nursery temperature. However, with a further drop in air temperature, the nursery temperature rose, the rise presumably being due to a return of termites to the mound.
In a series of laboratory experiments extending over a year, no definite preferred temperature could be demonstrated for E. exitiosus. On a given date, a given aggregation of termites from a mound distributed itself over a range of temperatures in such a way as to form a distribution polygon. While there might have been an accumulation of termites over a limited range which could be called the "range of preferred temperature," some termites always occurred at the extremes of a comparatively long range. It is suggested that the individuals comprising such aggregations are respectively in different physiological conditions characterized by different temperature tolerances. If this suggestion is correct, the explanation of the movement of termites to and from the mound will probably be obtained through an understanding of the effect 6f changes in mound and soil temperatures upon individuals with particular temperature tolerances.
Our observations give little evidence that termites are capable of lowering mound temperatures when environmental temperatures are high, other than by departure of termites from the mound. Early in the study it seemed possible that, during the summer, mound temperatures may be kept at a reduced level by the evaporation of moisture produced within the mound by the metabolism of the termites. If there is any lowering of mound temperature by this means it is apparently insignificant.
Small circular holes were observed in both TM1 and TM2 on October 24, 1933, the day after the emergence of alates from TM2. The hole in TM2 was found on the morning of October 24. The previous day there had been considerable activity within the mound and the temperature had reached 92.9°F. at 4.30 p.m. The hole in TM1 was made between 9.00 a.m. and 11.30 a.m. when the nursery temperature had risen to at least 93.4°F. The hole had been closed by 2.00 p.m. when the nursery temperature was still 93.4°F. although by 4.30 p.m. it had fallen to 92.1°F. On at least one occasion before this observation, and on numerous occasions after, the nursery temperature was higher than 93.4° F. and on none of them was a hole observed. Rather than for reducing temperature, it seems that the hole was for the purpose of reducing carbon dioxide concentration which would have increased to an excessive amount following a period of high temperature when a large proportion of the colony was still within the mound. Ventilation holes in termitaria and underground nests have been referred to by a number of workers (see particularly Petch 1906; Hegh 1922; Emerson 1937; and Grasse 1937) , while in E. exitiosus vertical galleries extend from the top of the nursery up towards the summit of the mound.
The temperature of poikilothermic animals is approximately the same as that of the medium in which they occur. However, there is evidence to show that their temperature may not be identical with that of the environment. The temperature of individual termites is apparently slightly above that of their surroundings, and, by virtue of large numbers massed together in the thin-walled nursery, the temperature level may be raised as much as 1B.6°F. above the temperature which would occur in the mound were the termites not present.
Thus it is apparent that the statement that termites maintain their nests at a constant temperature does not apply to Eutermes exitiosus. It would appear that, by virtue of its shape and structure, a mound of E. exitiosus is comparatively constant in temperature over a limited period, provided the daily fluctuations in air temperature are of a normal magnitude. If, however, marked fluctuations occur, the mound temperature may be affected thereby, the magnitude of the effect being influenced by the buffering action of termites present in the mound initially or returning to the mound from outside galleries.
VI. OBSERVATIONS ON THE RELATION BETWEEN NYMPHS OR ALATES AND MOUND
TEMPERATURE
The observations on TM2 discussed above suggested that mound temperature was affected by the presence in the mound of particular castes, notably nymphs or alates. Several pairs of mounds were therefore selected for similarity of size, habitat, aspect, and slope of habitat. The temperatures of the respective pairs were recorded and then 'the mounds were examined to determine which castes were present. The particulars obtained from these mounds are given in Table S . Only two of .the eleven pairs listed showed marked differences in temperature; in both pairs there was a difference in the composition of the colonies; the mound with the higher temperature contained a large number of alates, that with the lower temperature had none.
'Two points emerge from these data: accompanying them being used for each standard laboratory colony (Holdaway 1935) . Usually from twenty to thirty colonies are set up at a time, so that from 100,000 to 200,000 healthy termites are required on each occasion. In securing the termites from the mound material a large number is damaged. In order to allow a margin of safety in the number of sound termites, and to allow for loss through damage, mound colonies are needed of much greater numerical strength than the number of termites actually required. At any particular time of the year there is a limited range of temperature characteristic of vital populous mounds. By reading the temperature of the nursery of mounds before they are dug up, and ignoring such mounds as do not give a sufficiently high temperature, one can be reasonably sure of securing requirements. This procedure is particularly valuable in the warmer months when large numbers of termites are away from the mound, and a random choice of mounds would involve greater risk of there being insufficient termites for requirements. Figure 12 gives the nursery temperature of 170 mounds which have been used for laboratory and field testing over the past few years. This figure shows the seasonal march of mound temperatures which has already been demonstrated above. Mound temperature records also serve as a valuable check on the vitality of mounds used for field tests of resistance of materials to termite attack. A highly satisfactory method of evaluating resistance of materials and treatments has now been developed. By means of mound temperature records, the use of only healthy, vital colonies for the tests is assured. This is particularly important in tests which may continue for many years. Moreover, by eliminating vitality of colonies from the category of uncontrollable variables, the significance of other variables can be more readily observed, and a more satisfactory determination of the resistance of the material under test be secured. Further, by having temperature tubes permanently installed in the nursery of the mounds and recording the temperature at intervals during the course of tests, a check on the vitality of the respective colonies can be kept throughout the test, ensuring that reduction in. vitality or death of a colony will not pass unobserved for a lengthy period. One example will serve to illustrate the value of mound temperatures in this connection.
In the winter of 1936, field tests of treated and untreated timbers involving 1,030 samples and 38 mounds of Eutermes exitiosus were begun. According to the records of nursery temperatures all mounds contained populous colonies at the beginning of the tests which were initiated during August. In December, inspection of the exterior of the test mounds suggested that three of the mounds were reduced in vitality. Nursery temperatures of the three mounds and of other test mounds in the immediate vicinity were read. These temperature records indicated that two of the three mounds were probably dead but that the third was satisfactory. These readings taken on December 9, 1936, with an average air temperature of 22.2°C., were as follows: externally healthy mounds, 33.4°, 33.6°, 31.4°, 33.0°, 34.1°, 33.3°, 36.2°C.-average 33.7°e.; mounds of doubtful vitality, 34.9°, 21.0°, 20SC. In this latter group, the mound with a nursery temperature of 34.9°C., although suspected of reduced vitality, was found to be satisfactory, while the remaining two mounds with nursery temperatures of 21.0° and 20.5°e., showed on examination that the colonies associated with them were dead:
As a result of the observations just cited it was decided to read the nursery temperatures of all the mounds being used for test purposes. These mounds are divided between two test sites which are in similar country and only three to four miles apart across country. Recording was begun at the two sites simultaneously. On December 23, 1936, all records were completed in just over two hours, during which time the air temperature ranged from 22.0° to 24.4°e. The readings at both sites were very similar and so records from only one site are given here. Eighteen mounds had nursery temperatures ranging from 31.2° to 38.0 0 e. and averaging 34.1°e., while one mound had a nursery temperature of 24.4°C. These records showed that the colony associated with this latter mound was apparently dead, a fact which had not been suspected from the superficial routine inspection carried out a few weeks previously.
The reason for the death of these colonies need not be referred to in detail here; it apparently lay in certain of the materials being tested. As a result of the death of the colonies an aspect of field testing not formerly suspected was brought to light. The main point in citing the records is to illustrate the fact that mound temperatures give a more reliable indication of the vitality of colonies than does a superficial examination of the mounds; moreover, if the vitality of the colonies initially had not been without question, it is doubtful whether the significance of the death of the colonies would have been indicated.
A third practical aspect of this study is its application in testing insecticides for direct control of mound colonies of termites. For positive proof of the efficiency of any insecticides or for accurate comparison of the relative toxicities of different insecticides to termites, it is essential that mounds selected for such work be occupied by normal healthy colonies. This information can be rapidly obtained under field conditions by inserting a long-stemmed thermometer into an auger hole bored to the central region of the mound and thus recording the nursery temperature. Simultaneously, a reading of the air temperature in the shade is taken and the condition of the colony can be gauged satisfactorily from a comparison of these two readings. Whenever these readings indicate the presence of a normal healthy colony, the auger hole is then used as a most efficient channel for conveying the insecticide to the centre of the mound where the termite population tends to be most concentrated.
This method of demonstrating the original healthy condition of mound colonies of termites used for insecticidal studies has now been in use for some time and it has enabled the relative efficiencies of a large number of toxic materials to be determined accurately.
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